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(54) HEAT-SHRINKABLE POLYESTER TUBE AND PRODUCTION THEREOF 

(57)Abstracfc 

PURPOSE: To obtain a heat-shrinkable polyester tube 
unproved in slip properties and opening properties. 
CONSTITUTION: A non-stretched tube 1 coraposed of 
polyester containing l-3wt.% of fine particles wiih a 
mean particle size of 0.U3.5urn is stretched at least in the 
diameter direction thereof in a tubular form and the 
stretched tube 1 is flattened while a small amount of air is 
sent into the tube 1 to be taken up to form a beat- 
shrinkable polyester tube wherein the dynamic coefficient 
of friction of the inner surface thereof js 0.4 or less and 
the open angle of the fold part 2 of the half folded piece 3 
cut out from the flattened tube is 5 P or more. When this 
tube is cut into predetermined length by a cutter, the inner 
surfaces of the cat tube are not mutually bonded and 




excellent opening properies are shown. 
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CLAIMS 

[Claim 1] The heat shrink nature polyester tube characterized by the aperture include angle of the fold 
section of the rigging piece which became as a subject, folded the polyester which contained the particle 
with a mean particle diameter of 0.1-3.5 micrometers one to 3% of the weight from one fold of the tube in 
which the dynamic friction coefficient of an inner surface carried our flattening 0.4 or less, and cut it 
down in width of face of W= lOOt and die length of If 300t (t tube thickness : unit mm) be 5 degrees or 
more. 

[Claim 2] The manufacture approach of the beat shrink nature polyester tube which extrudes the polyester 
which contained the particle of 0.1-3.5 micrometers of mean diameters one to 1% of the weight in the 
shape of a tube, uses it as a non-extended tube, and is characterized by carrying out flattening and rolling 
round the tube which carried out the tubular drawing and extended this non-extended tube in the direction 
of a path at least, sending a small amount of air into the interior. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a heat shrink nature 
polyester tube with good slipping nature of an inside and opening nature, and a beat shrink nature 
polyester tube. 
[0002] 

[Description of the Prior Art) The conventional heat shrink nature polyester tube consists of polyester 
resin which is comparatively easy to crystallize, such as polyethylene terephthalate. The thing it was 
made to generate required contraction by extending for a high scale factor in the die-length direction and 
the direction of a path, And including the polyester copolymer which introduced an irregular radical 
which controls crystallization, by moreover extending to the direction subject of a path for a low scale 
factor comparatively, degree of crystallinity is stopped low and the large thing is developed for 
contraction of the direction of a path compared with the die-Jcngth dirtctioa 
[0003] 

[Problem^) to be Solved by the Invention] Since the above-mentioned conventional polyester tube was 
inferior to the slipping nature of a tube inside when covering for an insulation on the external surface of 
the metal vessel of a dry cell, it had the problem that it was difficult to cover with high-speed automatic 
covering equipment Moreover, when cutting a tube into predetermined die length, in the cut part, tube 
insides changed into the welding condition, they stuck, and there was a fault that opening became difficult 
[0004] In the tube which contains the aforementioned crystalline low polyester copolymer especially, 
since it seldom contracts in the die-length direction while contracting greatly in the direction of a path, 
when it beats, since contraction of the direction of a path is large, while good covering workmanship can 
be acquired, in respect of slipping nature and opening nature, it is inferior. 
[0005] 

[Means for Solving the Problem] In order that this invention may solve the above-mentioned technical 
problem, it excels in the slipping nature and opening nature of an inside. It is whet uses as an offer plug 
the heat shrink nature polyester tube which can obtain a good contraction result The summary It becomes 
considering the polyester which contained the particle with a mean particle diameter of 0.1-3.5 
micrometers one to 3% of the weight as a subject The dynamic friction coefficient of an inside breaks 0.4 
or less from one fold of the tube which carried out flattening. Widri of face of W<= lOOt, The beat shrink 
nature polyester tube characterized by the aperture include angle of the fold section of the piece of rigging 
started in die length of L= 300t (t tube thickness : unit mm) being 5 degrees or more, And the polyester 
whicb contained the particle with a mean particle diameter of 0,1-3.5 micrometers one to 3% of the 
weight It is the rnanufacture approach of the heat shrink nature polyester tube which extrudes in the shape 
of a tube, considers as a non-extended tube, and is characterized by carrying out flattening and rolling 
round the tube which carried out tubular extension and extended this non-extended tube in the direction of 
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a path at least, sending a small amount of air into the interior, 

[0006] This invention 19 explained in detail below. A dicarboxytic acid component with the polyester of 
this invention A tercphthalic acid, oxalic acid, A malonic acid, a succinic acid, an adipic acid, an azelaic 
acid, a sebacic acid, a phthalic acid, It consists of a kind of well-known dicarboxybc acid, such as 
jsophtbalic acid, naphthalene dicarboxylic acid, and dipbcnyl ether dicarboxylic acid, or two sorts or more* 
A diol component Moreover, ethylene glycol, propylene glycol, a trimetbylene glycol, Although it is 
polyester resin which consists of one sort of a well-known diol component, or two sorts or more, such a* 
tetramethyJene glycol, hexaroethylene glycol, a dietbylene glycol, and a polyalkylcnc glycol Polyethylene 
terephthalate, polybutylene terephthalate, polyethylene -2, 6-naphthalate, and these copolymers art 
mainly suitable. 

(0007) It is desirable to especially make polyethylene terephthalate into a subject a cheap point and a 
reinforcement-field. Moreover, since the degree of crystallinity of a tube becomes high only with 
polyethylene terephthalate and a contraction result tends to fall, it is desirable to use a polyester 
copolymer together. As a polyester copolymer, less than [ of a dicarboxylic acid component / more than 
70 mol %90 mol % ] consists of a terephthalic acid, for example, less than ( of isophthalic acid and/or a 
glycol component / more than 70 mol %90 mol % ] consists [ the remainder ] of ethylene glycol, and 
there is polyester whose remainder is a diethyjene glycol or a polyalkylene glycol. 
[0008] When using copolymerized polyester, it is good to make the weight ratio of polyethylene 
terephthalate and copolymerteed polyester about into 4:6 to 9: 1 . In the above-mentioned polyester resin, 
other polymers may be little-added, and you may mix, and additives, such as a stabilizer, a coloring agent, 
an antioxidant, and a defoaming agent, may bo contained in it if needed. 

[0009] Moreover, although particles, such as organic lubricant and inorganic lubricant, are made to 
contain in order to raise the slipping nature of a tube, and opening nature As a particle, a kaolin, clay, a 
calcium carbonate, a silica, terephthalic-acid calcium, Melting film production of polyester resin is faced 
Well-known inactive external particles, such as an aluminum oxide, titanium oxide, calcium phosphate, 
and lithium fluoride; An insoluble high-melting organic compound. It can be the internal particle formed 
in the interior of a polymer at the time of polyester manufecture of the metallic-compounds catalyst (for 
example, an alkali metal compound, an alkaline-earth-metal compound) used at the time of crosslinked 
polymer, and polyester composition, 

[0010] The tube of this invention requires that the dynamic friction coefficient of the inside of this tube 
should be 0.3 or less preferably 0.4 or less, in order to use it as for example, a contraction tube for dry 
cells. If a dynamic friction coefficient becomes larger than 0.4, in covering with the automatic covering 
machine of a dry cell, it is the process which carries out opening of the tube at the time of tube insertion 
in a dry cell, and the opening nature of a tube becomes a process trouble unsatisfactory and is unsuitable. 
[00 H] Moreover, when cutting a tube into predetermined die length by a rotary cutter etc., mere is a 
phenomenon which a tube inside sticks in the cut section to influence the opening nature of a tube. 
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[0012] In order to satisfy above-mentioned slipping nature and opening nature, in this invention, the 
amount of the particle contained in a tube is preferably made into 1.3 - 2.5 % of the weight one to 3% of 
die weight, and 0.1-3.5 micrometers of 0.5-3.5-raicrometer things are preferably used as mean particle 
diameter. 

[0013] At less than 1 % of the weight, particle weight becomes inadequate for preventing the adhesion at 
die time of a cut, although coefficient of friction becomes low. Moreover, if 3 % of the weight is exceeded, 
a discharge from the eyes will adhere to a mouthpiece at the time of extrusion molding, entering a muscle 
will occur in a tube, and the problem that productivity falls will arise. 

[0014] Moreover, it becomes [ split-face extent on the front face of a tube becomes large too much, and / 
die leakage of tube internal pressure ] large at the time of extension and is not desirable while spoiling the 
transparency of a tube, if the opening nature amelioration effectiveness of a mean diameter is small and it 
exceeds 3.5 micrometers in less than 0.1 micrometers. In addition, mean particle diameter made particle 
size in case an accumulation weight fraction becomes 50% mean particle diameter using the coal tar 
counter (Japanese science machine company make). 

[0015] Furthermore, this invention tube has the description in the flattening extent Although a tube is 
flatly folded up after manufacture and it is rolled round, as a result, a fold is formed in the both ends of a 
tube. However, flattening is carried out, a tube is rolled round so that inside* may stick, but if a tube is cur 
in the condition, the problem of inside adhesion of the above will usually arise. 

[0016] Then, it is made to have the inclination in which a tube carries out opening in the free condition in 
this invention by sending in a small amount of air in a tube, in case the cooled extension tube is folded up 
flatly, and changing flattening into the condition of having maintained a certain curvature so that chip box 
**** strong against a fold might not be attached. 

[0017] That is, it is made for the aperture include angle theta of the fold section when starting the piece 3 
of rigging with a chip box width of face [ of W~ 1 OOt ] and a die length of L= 300t (t tube thickness : unit 
mm) to become 5 degrees or more from one fold 2 of the tube 1 which carried out flattening, as shown in 
drawing 1 explaining the measuring method of the aperture include angle in this invention. 
[0018] In addition, also when the opening nature after a cut is not improved even if it makes it the 
aperture include angle theta become 5 degrees or more when not adding a particle as mentioned above, 
and opening even if it adds a particle, and not making an include angle theta into 5 degrees or more, the 
opening nature after a cut is not improved. 
[0019] 



EXAMPLE 

[Example] The dicarboxylic acid component was mixed at a rate (% of the weight) that the 78 mo] % and 
22 mol [ of isophthalic acid ] % and glycol component of terephthalic acids shows the copolymerized 
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polyester (a) of limiting viscosity 0.71 which consists of ethylene glycol, the polyethylene terephthalatc 
(b) of the limiting viscosity 0,68 which contains the silica of 2.4 micrometers of mean diameters 3% of 
the weight, the polyetfiylene terephthalate (c) of limiting viscosity 0.60, and the polyethylene 
terephthalate (d) of the limiting viscosity 0.70 which contains the silica of 2.4 micrometers of mean 
diameters 5% of the weight in Table 1 . 

[0030) And the mixture was extruded in the shape of a tube after desiccation with the conventional 
method, and the non-extended tube with 0.16mm [ in thickness ] and an outer diameter of 6.6mm was 
obtained. This non-extended tube was blown under the temperature of 90 degrees C, air was blown 
between the low-speed nip roll and the high-speed nip roLl, tubular extension was carried out 2.2 times in 
1 ,2 times and the direction of a path in the die-length direction, and the extension tube with a flat width 
[ of 23mm ] and a thickness of 60 micrometers was obtained. 

[0031] Succeedingly, between the high-speed nip roll and the flattening roll* it cooled, after annealing at 
the temperature of 70 degrees C, whore air is enclosed in an extension tube, and flattening was carried out, 
and the tube was rolled round. At that time, the nip pressure of a flattening roll was adjusted* and it rolled 
round, sending in the air enclosed in the tube at the annealing process in a little flattening tube. Moreover, 
the tube which strengthened nip pressure of a flattening roll and manufactured it like usual was obtained 
for the comparison. 

[0032] And the following property was measured and evaluated about each obtained tube. 

(1) Dynamic friction coefficient JIS According to K-7125, the bottom test piece was set to 25mmx 125mm, 
the top test piece was set to 15mmx 120mm, the slider was made into the 50g thing which has 
1 5mmx40mm presser-foot area, and it measured by pulling a top test piece. 

(2) As it was the aperture iaclude-angle above-mentioned, the piece of rigging whose chip box width of 
race W is 6mm and whose die-length L is 1 8 mm was taken, and the aperture include angle was measured. 
[0033] (3) When inserting a dry cell in a cut tube by dry-cell automatic packer SW-1 by the automaton 
fitness Japan self-**** machine company, what caused six or more poor insertion for what caused 1-5 
poor insertion for the thing without a trouble among O and ten pieces among ** and ten pieces was made 
intox. 

[0034] (4) Entering a muscle generated what can produce a productivity tube satisfactory in O, a 
discharge from the eyes, etc., and the case where x and it were slight was made into ** for the case where 
a tube appearance is reduced greatly. A result is shown in Table 2. 
[0035] 
[Table I] 
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[0037] An aperture include angle is large, the tube rolled round while adding in the range which specifies 
a particle by this invention and sending in a smaJl amount of air on the occasion of flattening so that the 
result shown in Table 2 might show has low coefficient of fiction, and the productivity of a tube is [ it 
excels in automaton fitness and ] also good (comprehensive evaluation O or **). 
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